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GAS TURBINE AIRFOIL ASSEMBLIES AND
METHODS OF REPAIR

BACKGROUND

1. Technical Field

The disclosure generally relates to gas turbine engines.

2. Description of the Related Art

Gas turbine engine airfoil assemblies incorporate plat-
forms from which airfoils (e.g., vanes) extend. In operation,
these airfoil assemblies are exposed to high temperatures and
corrosive air, both of which can damage the airfoils and limat
service life. For an airfoil that i1s cantilevered, associated
stresses may cause twisting of the vane, which could resultin
cracks being formed in an airfoil portion. Alternatively, a
foreign object may enter the gas turbine engine and hit an
airfo1l causing the airfoil to become cracked or chipped. In
some cases, such as when one airfoil of an airfoil assembly,
which includes multiple airfoils extending from a platform, 1s
damaged, the entire airfoil assembly 1s removed and retired
from service.

SUMMARY

Gas turbine airfoil assemblies and methods of repair are
provided. In this regard, an exemplary embodiment of a
method of repairing a gas turbine airfoil assembly comprising,
a platform and an airfoil, the method comprises the steps of:
separating the airfoil from the platform; forming a depression
in the platform, the depression being sized and shaped to
receive a replacement airfoil; and aifixing the replacement
airfo1l within the depression such that the replacement airfoil
1s attached to the platform.

Another exemplary embodiment of a method comprises
the steps of: A method of repairing a gas turbine airfoil assem-
bly comprising a platform and an airfoil, the method com-
prising the steps of: separating the airfoil from the platform;
forming a depression in the platform, the depression being
s1zed and shaped to receive a replacement airfoil; and affixing
the replacement airfoil within the depression such that the
replacement airfoil 1s attached to the platform.

An exemplary embodiment of a gas turbine airfoil assem-
bly comprises: a platform operative to mount an airfoil along,
a gas flow path of a gas turbine engine, the platform having a
slot formed therethrough; and a replacement airfoil extending

at least partially 1nto the slot and being affixed therein.

Other systems, methods, features and/or advantages of this
disclosure will be or may become apparent to one with skill in
the art upon examination of the following drawings and
detailed description. It 1s intended that all such additional
systems, methods, features and/or advantages be included
within this description and be within the scope of the present
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

Many aspects of the disclosure can be better understood
with reference to the following drawings. The components in
the drawings are not necessarily to scale. Moreover, 1n the
drawings, like reference numerals designate corresponding
parts throughout the several views.

FIG. 1 1s a schematic diagram depicting an exemplary
embodiment of a gas turbine engine.

FIG. 2 1s a schematic diagram depicting a portion of the
high pressure compressor of the embodiment of FIG. 1.
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FIG. 3 1s a schematic diagram depicting a portion of a
representative airfoil assembly after separating the airfoil
from the platform.

FIG. 4 1s a schematic, plan view of the platform of FIG. 4,
showing detail of a representative airfoil shape slot in the
platform.

FIG. 5 1s a schematic diagram the platform of FIG. 3 after
forming a representative depression.

FIG. 6 1s a schematic diagram depicting a representative
replacement airfoil after attachment to a platform.

FIG. 7 1s a schematic diagram depicting another represen-
tative replacement airfoil after attachment to a platform.

DETAILED DESCRIPTION

(Gas turbine airfoil assemblies and methods of repair are
provided, several exemplary embodiments of which will be
described in detail. In this regard, one or more airfoils of an
airfo1l assembly can be replaced so that an entire assembly
need not be retired from service. In some embodiments, this
1s accomplished by removing an airfoil from an associated
platform of the assembly and forming a depression in the
platiorm that 1s configured to accommodate attachment of a
replacement airfoil. In some embodiments, an electrical dis-
charge machining (EDM) process 1s used to remove the air-
fo1l and/or form the depression 1n the platform. In alternative
embodiments, milling and/or laser cutting can be used to
remove the airfoil and/or form the depression in the platform.

FIG. 1 1s a schematic diagram depicting an exemplary
embodiment of a gas turbine engine 100. As shown 1n FIG. 1,
engine 100 1s depicted as a turbofan that incorporates a fan
102, a compressor section 104, a combustion section 106 and
a turbine section 108. Although depicted as a turbofan gas
turbine engine, 1t should be understood that the concepts
described herein are not limited to use with turbofans as the
teachings may be applied to other types of gas turbine
engines.

In FIG. 1, engine 100 includes a low pressure compressor
110 and a high pressure compressor 112. Each of the com-
pressors incorporates rotating sets of airfoils (e.g., blade 114)
and stationary sets of airfoils (e.g., vane 116).

As shown 1n FIG. 2, which depicts a portion of high pres-
sure compressor 112, vane 116 1s a portion of an airfoil
assembly 200 that includes a platform 202. Specifically, plat-
form 202 1s an outer diameter platform from which vane 116
extends. Airfoil assembly 200 1s one of multiple such assem-
blies (not shown) that are oriented circumierentially about the
engine so that respective vanes of the assemblies extend radi-
ally across a gas flow path 204 of the engine. Since, 1n this
embodiment, airfoil assembly 200 uses only a single plat-
form, vane 116 1s considered a cantilevered airfoil.

Also depicted 1in FIG. 2 1s a possible detachment location,
which 1s represented by dashed line 210 onented 1n a chord-
wise direction. The detachment location 1s a location of the
airfo1l along which airfoil 116 can be separated from the
remainder of the airfoil assembly 200 during an airfoil repair
procedure that involves replacement of the airfoil.

FIG. 3 1s a schematic diagram depicting a portion of airfoil
assembly 200 after separating the airfoil (1.e., vane 116) from
platform 202. Notably, after removal, a stub portion 212 of the
airfo1l may remain attached to platform 202.

Separation of the airfoil from the platform 202 1s accom-
plished by cutting the airfoil from the platform. Various pro-
cedures such as an electrical discharge machining (EDM)
process (e.g., wire EDM), or other machining processes, such
as milling, can be used.
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FIG. 4 1s a schematic diagram showing a plan view of a
platform. Specifically, the airfoil section remaining on the
platform 202 (1.e., stub portion 212) 1s used to form and align
an EDM electrode or to align a milling process. The number
212 1s also 1s representative of an electrical discharge machin-
ing electrode having a shape and size corresponding to the
stub portion 212.

The airfo1l slot shape 1s obtained from the airfoil section

left on the platform or from a new airfoil. The airfo1l shape 1s
used to obtain an electrode to EDM the airfoil slot or to
program a milling machine or laser cutter to produce the
airfoil slot shape.
In the embodiment of FIGS. 3-5, removal of material of the
airfo1l assembly 200 1s not limited to airfoil 116 and the
associated stub portion 212. In this regard, reference 1s made
to the schematic diagram of FIG. S5, which depicts platform
202 of FIGS. 3 and 4 after forming a representative depres-
sion. Specifically, FIG. 5 shows platform 202 after a depres-
s1ion 230, which 1s sized and shaped to recerve a portion of a
replacement airfoil (not shown 1n FI1G. 5), 1s created. The size
of depression 230 1s slightly larger than the replacement
airfoil to allow the replacement airfoil to be placed within the
depression along with the attachment material and to main-
tain structural itegrity. The depth of the depression 230 1s
selected to retain the replacement airfoil and maintain struc-
tural integrity of the airfoil and platiorm.

In FIG. 6, platform 202 1s depicted with a replacement
airfoi1l 240 atfixed within depression 230. Replacement airtfoil
240 includes a root 242 that 1s positioned within depression
230, and a tip 244.

In the embodiment of FIG. 6, tack welding 1s used to
securely hold the position of the airfoil while a braze material
(e.g., nickel, nickel-platinum or others) 1s applied around the
root 242 within the depression 230. To prevent the braze
material from running into unwanted areas during brazing, a
brazing aid, or “stop-oil” as 1t 1s commonly known, can be
applied to prevent the tflow of flux and metal.

Brazing 1s accomplished by placing the vane segment with
platform 202 and replacement airfoil 240 into a brazing fur-
nace (not shown) for a predetermined time and temperature.
Additional heat treatment can be applied for improving mate-
rial properties, such as for performing precipitation. Subse-
quent to the brazing process and/or additional heat treat-
ments, non-destructive testing (NDT) can be conducted on
the repaired airfoil assembly.

In contrast to the embodiment of FIG. 6, which utilizes a
depression in the form of a recess, the embodiment of FIG. 7
utilizes a depression in the form of a completely through-cut
slot. As shown 1n FIG. 7, airfoil assembly 300 includes a
platform 302 and a replacement airfoil(s) 304. Platform 302
incorporates a slot 306 into which a portion of airfoil 304 1s
inserted. In this embodiment, airfoil 304 1s positioned to
extend completely through slot 306 (1.¢., portion 308 of the
airfoil protrudes outwardly from the slot). However, 1n other
embodiments, the extent of penetration into the slot can vary.

Slot 306 1s formed through platform 302 utilizing a
machining process, such as that described above with respect
to the embodiment of FIG. 2. For instance, a damaged airfoil
1s separated from the assembly leaving a stub portion, and
then a machining process (e.g., EDM, milling, or laser) 1s
used to remove the stub portion and form the slot. After slot
formation, replacement airfoi1l 304 1s positioned for aifixing
to the platform, such as by using a brazing process.

It should be emphasized that the above-described embodi-
ments are merely possible examples of implementations set
forth for a clear understanding of the principles of this dis-
closure. Many vanations and modifications may be made to
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the above-described embodiments without departing sub-
stantially from the spirit and principles of the disclosure. By
way of example, although only single airfoil replacement of
an airfoil assembly has been described, multiple airfoils of an
assembly can be replaced 1in other embodiments. All such
modifications and variations are mtended to be included
herein within the scope of this disclosure and protected by the
accompanying claims.

The mvention claimed 1s:

1. A method of repairing a gas turbine airfoil assembly
comprising a platform and an airfoil, the method comprising
the steps of:

separating the airfoil from the platform by;

utilizing an electrical discharge machining process;

leaving a stub portion of the airfoil attached to the plat-
form:

connecting a power supply to the stub portion; and

utilizing an electrical discharge machining electrode of a
shape and size corresponding to the stub portion to
erode the stub portion and form a depression;

forming the depression in the platform, the depression
being sized and shaped to receive a replacement air-
foil; and

affixing the replacement airfoil within the depression
such that the replacement airfoil 1s attached to the
platiorm.

2. The method of claim 1, wherein separating the airfoil
comprises utilizing a machining process for separating the
airfoil from the platform.

3. The method of claim 1, wherein forming a depression
comprises utilizing a machining process for forming the
depression 1n the platform.

4. The method of claim 1, wherein the depression 1s a slot
extending completely through the platiform.

5. The method of claim 4 wherein a portion of the replace-
ment airfoil extends completely through the slot after the
ailixing.

6. The method of claim 1 further comprising positioning
the replacement airfoil within the depression such that a
desired length of the replacement airfoil extends outwardly
from the platform.

7. The method of claim 1 wherein affixing comprises braz-
ing the replacement airfoil to the platiorm.

8. The method of claim 7 wherein aflixing further com-
prises tack welding the replacement airfoil to the platform
such that at least a portion of the replacement airfoil extends
into the depression prior to the brazing.

9. The method of claim 1, wherein the airfo1l assembly 1s a
stator assembly and the airfoil 1s a vane.

10. The method of claim 1, wherein the platform 1s an outer
diameter platform.

11. The method of claim 1, wherein the airfoil 1s a cantile-
vered airfoil, the platform being a single platform to which
the airfoil 1s affixed.

12. The method of claim 11, wherein the platform 1s an
outer diameter platform.

13. The method of claim 1, wherein the gas turbine airfoil
assembly 1s an airfoil assembly of a high pressure compres-
SOF.

14. The method of claim 1, wherein, 1n forming the depres-
s10n, any remaimng portion of the airfo1l 1s removed from the
platform.

15. A method of repairing a gas turbine airfoil assembly
comprising a platform and an airfoil, the method comprising
the steps of:

separating the airfoil from the platform by;

utilizing an electrical discharge machining process;
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leaving a stub portion of the airfoil attached to the plat-
form:

connecting a power supply to the stub portion; and

utilizing an electrical discharge machining electrode of a
shape and size corresponding to the stub portion to
crode the stub portion and form a depression,

forming the depression in the platform, the depression

being sized and shaped to receive a replacement airfoil;
and

6

aifixing the replacement airfoil within the depression such
that the replacement airfoil 1s attached to the platform.

16. The method of claim 15, wherein:

the depression 1s a slot extending completely through the
platform; and

a portion of the replacement airfoil extends into the slot
after the affixing.

17. The method of claim 135, wherein aflixing comprises

brazing the replacement airfoil to the platform.

% o *H % x



	Front Page
	Drawings
	Specification
	Claims

